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Fig.1    Experimental  structure  of  the  USM  with  the  vinrational  transmission  line  and  the  self  holded  rotor.
(a)    Structure  of?trial  motor  and  
vibration  mode  of  the  exciter.
(b)    Composition  of  rotor-­holding
and  preloading.
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(c)    Dimensions  of  the  shaft  base.
(d)    Effect  of  the  gapped  hole  
of  shaft  base.
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Fig.3    Mechanical  impedance  of  
                                the  square  rod  with  connector.
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Fig.4  Mechanical  impedance  of  
                                the  transmisson  line  with  connector.
Fig.5    Dimensions  of  connector  obtained  
the  mechanical  impedance  matching.  
The  connector  with  dimensions  at  the  cross  point
provides  the  total  impedance  matching.
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Fig.2    Analyzed  method  to  obtain  the  mechanical  
impedances  of  the  rod  and  transmission  line  
on  the  connection  ports.
Zmv Zmtc
Zmvc Zmt
䚷䝅䝱䝣䝖ᇶྎ䚸䝻䞊䝍䚸䝇䝖䝑䝟䛚䜘䜃ㄪᩚ䝘䝑䝖
䛿┿㘷〇䚸 䝽䝑䝅䝱䛿䝥䝷䝇䝏䝑䜽〇䛷䛒䜛䚹⣽
⥺ཬ䜃䝅䝱䝣䝖䛿ྛྲྀ䜚௜䛡㠃䛻✸Ꮝ䛧䛶䜶䝫䜻
䝅⣔᥋╔๣䛷᥋╔䛧䛶䛿䜑㎸䜣䛷䛔䜛䚹ୗഃ䝽
䝑䝅䝱䛿䝧䜰䝸䞁䜾ෆ㍯䜢ᢲ䛩䜘䛖✺㉳䛜௜䛔䛶
䛔䜛䚹ㄪᩚ䝘䝑䝖䛷㐺ᙜ䛺ணᅽ䛻タᐃᚋ䛻⦆䜏
䛜⏕䛨䛺䛔䜘䛖䛻᭦䛻䛽䛨䛷ᅛᐃ䛧䛯䚹
㻟㻚㻌ᩚྜᵓ㐀䛾タィ
䚷ゅᰕບ᣺㒊䛸᣺ືఏ㏦㊰䛾᩿㠃✚䛾㐪䛔䛿
⏒䛰䛧䛟䚸 ᚑ䛳䛶༢⣧䛻᥋⥆䛧䛯䛰䛡䛷䛿᥋⥆
㠃䛷䛾᣺ື཯ᑕ䛜኱䛝䛟䚸 䝻䞊䝍㥑ື㒊䜎䛷㐺
ษ䛻᣺ື䜶䝛䝹䜼䜢ఏ㐩䛩䜛஦䛿ฟ᮶䛺䛔䚹䜎
䛯䚸 䛒䜙䛛䛨䜑⣽⥺ఏ㏦㊰㛗䛿ゅᰕບ᣺㒊䛾᣺
ື䝰䞊䝗ᅛ᭷࿘Ἴᩘ䛸୍⮴䛩䜛䜘䛖䛻ᐃ䜑䛶䛔
䜛䛜䚸 ᥋⥆㒊䛷䛾཯ᑕ䛜኱䛝䛔䛸ྛ㒊䛷䛾ඹ᣺
≉ᛶ䛜ᙉ䛟⌧䜜䛶⤖ྜ䝰䞊䝗᣺ື⣔䛸䛧䛶䛾᣺
䜛⯙䛔䛸䛺䜚ᢅ䛔㞴䛟䛺䜛஦䜢๓ሗ 㼇㻟㼉 䛷䜒㏙䜉
䛶䛔䜛䚹䛭䛣䛷 㻲㼕㼓㻚㻝 䛻♧䛧䛯䜘䛖䛻ᩚྜᒙ䛸䛺䜛
䜘䛖䛻ゅᰕ≧䛾䝁䝛䜽䝍㒊䜢タ䛡䛯䚹
䚷ᩚྜタィ䛾⪃䛘᪉䛸䛧䛶䚸 ᥋⥆Ⅼ䛛䜙ບ᣺ഃ
䛺䜙䜃䛻ఏ㏦㊰ഃ䜢ぢ䛯ሙྜ䛾ᶵᲔⓗ䜲䞁䝢䞊
䝎䞁䝇䜢୍⮴䛥䛫䜛䜘䛖䛻䝁䝛䜽䝍䛾ᑍἲ䜢ᐃ䜑
䜛䚹」㞧䛺ᵓ㐀䜔ᚋ⥆య䛾ᙳ㡪䛜䛒䛳䛶䜒タィ
䛷䛝䜛䜘䛖䛻᭷㝈せ⣲ἲゎᯒ 㻔㻲㻱㻹㻕 䛻䜘䜛ᩘ್
ⓗᡭἲ䛸䛧䚸 ᡃ䚻䛿 㻯㻻㻹㻿㻻㻸㻌㻹㼡㼘㼠㼕㼜㼔㼥㼟㼕㼏㼟㻌㻠㻚㻞
䜢౑⏝䛧䛯䚹 㻲㼕㼓㻚㻞 䛻♧䛩䜘䛖䛻ບ᣺㒊ഃ䛸ఏ㏦
㊰ഃ䜢᥋⥆Ⅼ䛷ศ㞳䛧䛶䚸 䛭䜜䛮䜜䛻ຍ᣺ຊ䜢
୚䛘䛶࿘Ἴᩘᛂ⟅ゎᯒ䜢⾜䛔䚸䛭䛾㝿䛻ᚓ䜙䜜
䛯᣺ື㏿ᗘ䛛䜙ᶵᲔⓗ䜲䞁䝢䞊䝎䞁䝇䜢ồ䜑䛯䚹
┤᥋᥋⥆᫬䛻䛿 㻝㻜㻜 ಸ䜋䛹䛾䜲䞁䝢䞊䝎䞁䝇䛾
㐪䛔䛜䛒䜛䚹䛣䛣䛷 㻲㼕㼓㻚㻟 䛾䜘䛖䛻ບ᣺㒊䛻䝁䝛䜽
䝍䜢ྲྀ䜚௜䛡䛶䚸 䝁䝛䜽䝍䛾ඛ➃䛛䜙ບ᣺ഃ䜢ぢ
䛯ሙྜ䛾ᶵᲔⓗ䜲䞁䝢䞊䝎䞁䝇 Zmvc䛿䚸 䝁䝛䜽
䝍䛜䛒䜛ᑍἲ⠊ᅖ䛾䛸䛝ఏ㏦㊰ධຊ➃䛾䜲䞁䝢
䞊䝎䞁䝇 Zmt 䛸୍⮴䛩䜛䚹
䜎䛯௚᪉䛷䚸 䝁䝛䜽䝍䜢ఏ㏦⥺㊰ഃ䛻ྲྀ䜚௜䛡
䛶䚸䝁䝛䜽䝍䛾➃䛛䜙⥺㊰ഃ䜢ぢ䛯㝿䛾ᶵᲔⓗ䜲
䞁䝢䞊䝎䞁䝇 Zmtc 䛸ບ᣺㒊䛾䜏䛾䜲䞁䝢䞊䝎䞁
䝇Zmv䛜୍⮴䛩䜛᮲௳䜒」ᩘᚓ䜙䜜䜛䚹ᚑ䛳䛶䚸
ᐃ䜑䜛䜉䛝䝁䝛䜽䝍䛿཮᪉䛾᮲௳䛻䛚䛔䛶ᶵᲔ
ⓗ䜲䞁䝢䞊䝎䞁䝇䛜୍⮴䛧䛶䛔䜛ᚲせ䛜䛒䜛䛯
䜑䚸 㻲㼕㼓㻚㻡 䛻♧䛩䜘䛖䛻䛣䛾ሙྜ䛻䛿䛯䛰୍䛴ᅗ
䛾஺Ⅼ䛸䛺䜛ᑍἲ䛜Ỵᐃ䛥䜜䜛䚹
㻠㻚㻌ヨస⣲Ꮚ䛾≉ᛶ
䚷ບ᣺㒊䛸䝁䝛䜽䝍䛿୍య䛷䜰䝹䝭䝙䜴䝮䛾๐䜚
ฟ䛧䛷䛒䜛䚹䛣䛾㝿䛻 㻲㼕㼓㻚㻝㻔㼍㻕 䛻♧䛧䛯䜘䛖䛻ⱝ
ᖸ䛾ຍᕤㄗᕪ䛜䛒䜚᏶඲䛺ṇ᪉᩿㠃䛷䛿↓䛔䚹
䜎䛯ᅄ㠃䛻ᅽ㟁䝉䝷䝭䝑䜽䝇䜢䜶䝫䜻䝅⣔᥋╔䛷
㈞䜚ྜ䜟䛫䜛㝿䛾䛪䜜➼䜒䛒䜚䚸 䛣䛾䛯䜑 㻲㼕㼓㻚㻢
䛻♧䛩䜘䛖䛻ධຊ䜰䝗䝭䝑䝍䞁䝇䛾ඹ᣺≉ᛶ䛻
䛿䚸 ┤஺᪉ྥ䛾㥑ື➃Ꮚ 㻭㻙㼜㼛㼞㼠㻘㻌㻮㻙㼜㼛㼞㼠 䛭䜜
䛮䜜䛷㐪䛔䛜⏕䛨䛶䛔䜛䚹ྜ䜟䛫䛶 㻲㻱㻹 ゎᯒ
䛾⤖ᯝ䜒♧䛧䛶䛔䜛䚹ゎᯒ䛻⏝䛔䛯㔠ᒓᮦᩱ䛾
ᙎᛶᐃᩘ➼䜢 㼀㼍㼎㼘㼑㻌㻵 䛻㍕䛫䛶䛔䜛䛜ヨస䛻⏝
䛔䛯䜰䝹䝭䝙䜴䝮䛸䛿ⱝᖸ䛾ᮦᩱᐃᩘ䛾㐪䛔䛜
䛒䜛䛸⪃䛘䜙䜜䚸 䛣䛾䛯䜑ඹ᣺࿘Ἴᩘ䛻 㻝㻚㻡㼗㻴㼦
⛬ᗘ䛾㐪䛔䛜⏕䛨䛶䛔䜛䚹䜎䛯ඹ᣺ᑤ㗦ᗘ Q 䛻
䛴䛔䛶䜒ᐇ㦂䛷䛿ゎᯒ䛻ẚ䜉䛶 㻝㻛㻠 ⛬ᗘ䛾್䛸
䛺䛳䛶䛔䜛䚹䛣䜜䛿᥋╔ᒙ䛾ᙳ㡪䛾௚䚸 ゎᯒ᫬
䛻௬ᐃ䛧䛯㔠ᒓ䛾ᶵᲔⓗᦆኻ䛾ぢ✚䜒䜚䛜ᑠ䛥
䛩䛞䜛䛸⪃䛘䜙䜜䜛䚹ᚑ䛳䛶 㻲㻱㻹 䛾ィ⟬䛷ᚓ䜙
䜜䛯ᩚྜ᮲௳䜒ᐇ㝿䛻䛿ⱝᖸ䛾䛪䜜䛜ぢ㎸䜎
䜜䜛䛜䚸䛣䛾ヨస⣲Ꮚ䜢⏝䛔䛶ホ౯䜢⾜䛳䛯䚹
䚷⥆䛔䛶䚸 㥑ື➃Ꮚ䛾ධຊ䜰䝗䝭䝑䝍䞁䝇䛻䛴䛔
䛶ఏ㏦㊰䛸䝅䝱䝣䝖ᇶྎ䜢ྲྀ䜚௜䛡䛯㝿䛾ゎᯒ⤖
ᯝ䜢 㻲㼕㼓㻚㻣 䛻䚸 ヨస⣲Ꮚ䛾 ᐃ⤖ᯝ䜢 㻲㼕㼓㻚㻤 䛻
♧䛩䚹䜎䛯ẚ㍑ཧ⪃䛾䛯䜑䝁䝛䜽䝍䜢᭷䛧䛺䛔┤
᥋᥋⥆⣲Ꮚ䛾ゎᯒཬ䜃ィ ⤖ᯝ䜢 㻲㼕㼓㻚㻥 䛻♧
䛩䚹್䛾኱䛝䛥䛸ⱝᖸ䛾࿘Ἴᩘ䛪䜜䛿䛒䜛䛜䚸ゎ
ᯒ䛸ᐇ㦂⤖ᯝ䛿ᴫ䛽୍⮴䛩䜛ഴྥ䛜☜ㄆ䛥䜜
䜛䚹୍᪉䛾䝁䝛䜽䝍↓䛧䛾ሙྜ䛻䛿䚸 ㏆᥋䛩䜛஧
䛴䛾ඹ᣺䝢䞊䜽䛾୧ഃ࿘Ἴᩘ䛷䛿㝿䛰䛳䛯䝢䞊
䜽≉ᛶ䛿ぢ䜙䜜䛺䛔䛜䚸 ௚᪉䛷䝁䝛䜽䝍䜢᭷䛩䜛
⣲Ꮚ䛷䛿ὀ┠䛧䛶䛔䜛 㻞㻠㼗㻴㼦 ㏆ഐ௨እ䛻䜒ከ䛟
䛾䝢䞊䜽䛜☜ㄆ䛥䜜䜛䚹
䚷䜎䛯䚸ゎᯒ䛷䛿 㻲㼕㼓㻚㻝㻜 䛾䜘䛖䛻ᩚྜ䛻䜘䛳䛶ບ
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㻲㼕㼓㻚㻝㻝 䛾⤖ᯝ䜒ྠᵝ䛾ഴྥ䜢♧䛧䛶䛔䜛䚹
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䚷䝻䞊䝍䛾ணᅽ䜢⣙ 㻜㻚㻠㻺 䛸䛧䛶ᚓ䜙䜜䛯᫬ィᅇ
䜚 㻔㻯㼃㻕䚸 ཯᫬ィᅇ䜚 㻔㻯㻯㼃㻕 䛭䜜䛮䜜䛾↓㈇Ⲵ
ᅇ㌿≉ᛶ䜢 㻲㼕㼓㻚㻝㻞㻙㻝㻟 䛻♧䛩䚹㻲㼕㼓㻚㻝㻞 䛿㥑ື㟁
ᅽ䜢ᐇຠ್䛷 㻝㻞㻘㻌㻝㻡㻘㻌㻝㻤㼂 䛸䛧䛶䚸 ୺䝰䞊䝗䛷䛒
䜛 㻞㻠㼗㻴㼦 ㏆ഐ䛷࿘Ἴᩘᤲᘬ 㻔㼁㼜㻦 ୖ᪉ྥ䛝䚸
㻰㼛㼣㼚㻦 ୗ᪉ྥ䛝 㻕 䛧䛯ሙྜ䛾ᅇ㌿ᩘ䛷䛒䜛䚹ᤲ
ᘬ᪉ྥ䛻䜘䜛㐪䛔䛾௚䚸 㻲㼕㼓㻚㻤 䛻䜒ഹ䛛䛻ぢ䜙䜜
䜛䝇䝥䝸䜰䝇ᙳ㡪䛸ᛮ䜟䜜䜛䛜 㻞㻟㻚㻣㻡㼗㻴㼦 ௜㏆䛷
䜒ᅇ㌿䛜⏕䛨䛶䛔䜛䚹ධຊ㟁ᅽ䛿୧┦䛸䜒➼䛧䛔
್䛻䛧䛶䛚䜚䚸㻜㼂䛛䜙㻡㻜㼂䜎䛷㻝䠲㛫㝸䛷 ᐃ䛧䛯䚹
㻲㼕㼓㻚㻢 䜔 㻲㼕㼓㻚㻤 䛻♧䛧䛯䜘䛖䛻ྛ┦䛾࿘Ἴᩘ≉ᛶ
䛻㐪䛔䛜䛒䜛䛯䜑䛻ྛ┦ 㻭㻘㻌㻮 㛫䛾㟁ຊ䛿୍⮴
䛧䛺䛔䜒䛾䛾䚸 㻲㼕㼓㻚㻝㻟 䛻♧䛩䜘䛖䛻ྜᡂ㟁ຊ
PA+B 䛻㛵䛧䛶ᅇ㌿㏿ᗘ䛿ྛ࿘Ἴᩘ䛻䛚䛔䛶ᴫ
䛽ẚ౛ⓗ䛺ഴྥ䛜☜ㄆ䛥䜜䛯䚹䜎䛯䛣䛾㝿䛾
㻯㼃㻘㻌㻯㻯㼃 䛾㐪䛔䜒ከᑡ䛾㐪䛔䛜䛒䜛䜒䛾䛾䚸
㥑ື఩┦䛾཯㌿䛻䜘䛳䛶୧᪉ྥ䛻ྠ⛬ᗘ䛾ᅇ
㌿㏿ᗘ≉ᛶ䜢ᚓ䜛஦䛜ฟ᮶䛯䚹
㻢㻚㻌䜎䛸䜑
䚷ᩚྜᵓ㐀䛾ᑍἲ䜢 㻲㻱㻹 䜢⏝䛔䛶Ỵᐃ䛧䚸 ヨ
స䛾⤖ᯝ䚸 ఏ㏦⥺㊰ᙧ䛾㉸㡢Ἴ䝰䞊䝍䛸䛧䛶䚸
䝻䞊䝍䛾⮬ᕫಖᣢᙧᵓᡂ䛻䛚䛔䛶䚸ᕥྑ୧᪉ྥ
䜈䛾ᅇ㌿ືస䛜☜ㄆ䛥䜜䛯䚹
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Density(kg/m3)
Young’ s  module(GPa)
Poisson’ s  ratio
Aluminum Steel
2730
69
0.33
7850
205
0.28
Mechanical  Qm 3000 3000
Table  I    Material  constants  using  analysis.
Fig.6    FEM  and  experimental  results  of  admittance  
characteristics  of  the  exciter  with  connector.
Fig.9    Admittance  characteristics  of  
previous  construction  without  connector.
Fig.8    Admittance  characteristics  of  trial  motor.
Fig.7    Admittance  characteristics  of  analysis  model.
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Fig.12    Frequency  response  of  rotation  speed.
Fig.13    Experimental  result  of  the  trial  motor.
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Fig.10  Comparing  vibrational  displacement  distri-­
butions   between   the   direct   and   improved  
connected  resonators  resulted  by  FEM.
Fig.11   Experimental   result   of   vibration   velocity  
amplitude   in   the   exciter   and   in   around   of  
the  center  of  transmission  line?
Transmission  lineExciter
Connector:2*2*7.5  mm,  LT=196mm,  #29-­mode
Direct  connect  (without  connector)
0 50 100 150 200 250
????
???
0
50
100
150
Position  of  transmission  line  (mm)
V
ib
ra
tio
n  
ve
lo
ci
ty
  v
rm
s  (
m
m
/s
)
????
Transmission  lineExciter
VA=VB=3Vrms  
f  =  24.07kHz
vE vT vE
vT =  22.17
vEa
vTa =  29.84
Experimental:
FEM  analysis:
Connector
- 1346 -日本音響学会講演論文集 2012年3月
